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Abstract 
  We have studied metal-semiconductor contact of n-type Mg2Si single crystal grown by the Bridgman method. We 
found that a contact of Ag/n-Mg2Si showed ohmic property whereas a contact of Au/n-Mg2Si performed Schottky 
property. Mesa structure at the Au/n-Mg2Si contact, which was formed by etching with diluted HF (2%) solution 
and Au-metal mask, successfully improved the leakage current in reverse bias region. The Shottky barrier height 
IB= 0.59eV was obtained from the J-V characteristics of the mesa structured Au/n-Mg2Si/Ag contacts. 
© 2009 Published by Elsevier B.V. 
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1. Introduction 
   Magnesium silicide (Mg2Si) is a semiconductor with an indirect energy gap of 0.66eV[1] at room temperature. 
One of the interesting applications of Mg2Si is infrared photo detector since it makes ternary or quaternary alloy 
compounds mixed with Mg2Ge (Eg = 0.6-0.7eV) and Mg2Sn (Eg ~ 0.3eV) [2]. Recently, we have succeeded in 
growing a high purity Mg2Si single crystal bulk using a high purity Mg and Si source metals[1]. The electron 
concentration of the nondoped crystal is in the order of 1015cm-3, which is suitable to achieve a widespread depletion 
region using metal-semiconductor contact or p-n junction. However, there is no report about Schottky contact and p-
n junction of Mg2Si. In this paper, we study the metal-semiconductor contact of Mg2Si single crystalline substrate 
for the application of infrared photo detector. 
2. Experimental procedure 
Crystal growth of high-purity Mg2Si bulk was carried out by a modified vertical Bridgman method.  Source 
metals of 6N-Mg and 10N or 5N-Si were charged in a pyrolytic graphite (PG) coated carbon crucible at the 
stoichiometric composition. The crucible was placed in a quartz ampoule and then sealed under Ar atmosphere. 
Details of the growth procedure are described in literature[1]. Basic electrical properties such as carrier 
concentration, mobility and resistivity of the crystal were measured by the Hall effect measurement using the van 
der Pauw’s configuration.  
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Substrates for the experiments of metal-semiconductor contacts were prepared from the high purity n-type Mg2Si
bulk. A metal contact of front side was formed on the as-cleaved surface by evaporating 3N purity of Au and Ag 
(Au-work function Im=5.1eV and Ag-work function Im=4.2eV [3]) through a metal mask in a conventional vacuum 
chamber (<10-5 Torr). The size of the contact was 1mm in diameter. After fabricating the contact, front side of the 
samples was etched by diluted HF(2%) solution to make a mesa-type structure. A back side ohmic-contact was also 
formed by the Ag adhesive (DuPont 4922). The current density-voltage (J-V) characteristics were measured using a 
current source (Keithley 6221) and a nano-voltmeter (Keithley 2182A) under a dark condition. 
3. Result and discussion 
Figure 1(a) and (b) show typical high-purity Mg2Si bulk crystal and its cleaved surface, respectively. The size of 
the crystal was 15-30 mm in length and 12 mm in diameter.  The crystal had well-developed single crystalline grains, 
which size of  1-10mm3. The cleaved surface of the n-type Mg2Si substrate was flat and mirror-like as shown in 
Fig.1(b). The electron concentration and mobility of the substrate used in experiments were 2.2x1015 cm-3 and 
480cm2/Vs, respectively. 
Fig. 1. Microphotographs of (a) Mg2Si bulk crystal and (b) cleaved surface of Mg2Si single crystalline substrate. 
Figure 2 shows J-V characteristics of pairs of metal-semiconductor contacts of Ag/n-Mg2Si/Ag and Au/n-
Mg2Si/Ag on the front side of substrate. The Ag/n-Mg2Si/Ag demonstrated a good ohmic property in both forward 
and reverse bias, whereas the Au/n-Mg2Si/Ag showed rectifying property. These results indicate the formation of 
the Schottky junction at the Au/n-Mg2Si interface.  
The leakage current density of simple Au/n-Mg2Si/Ag structure was significantly large in reverse bias region. To 
improve the leakage current density in the reverse biased region, we fabricated the mesa-structure by etching with 
diluted HF(2%) solution. The J-V characteristic of Au/n-Mg2Si/Ag with mesa-structure is greatly improved as 
shown in Fig.2. This result suggests that surface condition of the substrate would affect to the leakage current, 
significantly. 
From the J-V characteristic of the mesa- Au/n-Mg2Si/Ag structure, we estimated the Schottky barrier height IB of 
the Au/n-Mg2Si interface using the thermonic emission model[4] and obtained the IB= 0.59eV. The series resistance 
Rs and ideal factor n estimated from the analysis were Rs = 2.7k: and n = 4, respectively. The large Rs is mainly 
caused by the resistance at substrate region.  The ideal factor n = 4 is quite high compared with the ideal Shottky 
diode (n = 1). This high ideal factor would be due to the effect of shunt resistance of our diode, because large 
leakage current was observed in simple Au/n-Mg2Si/Ag structure.  
 Fig.3 shows the depth profiles of Si 2p and Mg 2p XPS spectra measured on the surface of Mg2Si substrate, 
which was exposed to the air for about 2 weeks after the cleaving preparation. The measurement step of 4nm was 
realized by Ar-ion etching. From the spectra, we can find the native oxide layer include SiO2 on the sample surface. 
The thickness of the native oxide layer was estimated about 24 nm, since the both peaks at 103eV(SiO2) and at 
53eV(not assigned) disappeared by etching of 24 nm from the surface. After etching of 24 nm, the peaks at 99 eV 
and at 51 eV were observed clearly in the spectra. These peaks are different from those of MgO and Mg and would 
be attributed to the Mg2Si crystal. 
   The thickness of the native oxide layer was more than one order of magnitude larger than that of E-FeSi2 which 
exposed to the air during same period[5]. Electrical property of this native oxide layer is not clear at this stage. 
However, we think that surface states and/or interface states of native oxide/Mg2Si would increase the leakage 
current of our Au/n-Mg2Si Schottky contact.  
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  The electron affinity of our n-type Mg2Si can be estimated as 4.61 eV by using Au-work function Im=5.1eV and 
the estimated IB= 0.59eV. Although this obtained value is approximately 1eV higher than previous one (3.59eV) [6], 
the ohmic property of Ag/n-Mg2Si/Ag structure (Ag, Im=4.2eV) is support our result.  
4. Conclusions
  We have investigated the metal-semiconductor contact of Mg2Si single crystalline substrate for the application of 
infrared photo detector. The contact of Ag/n-Mg2Si showed ohmic property, whereas Au/n-Mg2Si showed Shottky 
property. The leakage current in reversed biased region was significantly improved by forming the mesa-structure. 
The Shottky barrier height at Au/n-Mg2Si interface was estimated to beIB= 0.59eV from the J-V analysis of the 
mesa structured Au/n-Mg2Si/Ag contacts. We also evaluate the surface of Mg2Si exposed to the air for about 2 
weeks by XPS and found the 24 nm thick native oxide layer include SiO2.
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Fig. 2.  Forward and reverse bias J-V characteristics 
of simple Ag/n-Mg2Si/Ag and Au/n-Mg2Si/Ag 
contacts and mesa-etched Au/n-Mg2Si/Ag contacts. 
The measurement was done under dark condition at 
room temperature. 
Fig.3. Depth profile of Si 2p and Mg 2p XPS spectra of 
Mg2Si substrate exposed to the air for about 2 weeks. 
Ar-ion etching 1step=4nm. The bottom line is 
untreated material. 
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